In this article, the quality of water in the reservoirs of Lake Arpi, Lake Yerevan, Akhuryan, Azat, Aparan and Kechut was estimated with usage of the Armenian Water Quality Index. It was established that in the waters of reservoirs the the maximum permissible concentration of copper, vanadium, aluminum, chromium, manganese, iron, NH4 + and NO2 -regularly increases. The following computational algorithm was used for determination of the Armenian Water Quality Index values: to determine the number of cases of MPC excess of i-substance or indicator of water -n; to estimate the total amount of cases of the maximum permissible concentration (N) -N = ∑n; to computes log2N, nlog2n and ∑nlog2n; to determine geoecological syntropy (I) and entropy (H): I = ∑ nlog2n/N and H = log2N -I. Then, Geo-Ecological Evolving Organized index index was determined: G = H/I. Further, the total amount multiplicity of MAC exceedances was estimated: (M) -M=∑m and log2M was computed. Finally, Armenian Water Quality Index was obtained: AWQI = G + 0.1log2M.
Introduction
The study of ecological status of the reservoir in Armenia is important for evaluation of their water quality, as well as for their further rational use. Water resources play a vital role in various sectors of economy such as industrial activities, agriculture, forestry, fisheries, hydropower generation and other creative activities [1] . The suitability of water sources for human consumption has been described in terms of Water Quality Index (WQI), which one of the most effective ways to describe the quality of water. WQI utilizes the water quality data and helps in the modification of the policies, which are formulated by various environmental monitoring agencies. The WQI is a mathematical instrument used to transform large quantities of water quality data into a single number and which improves the understanding of water quality issues. This is done by integrating relevant water quality data and generating a score that describes water quality status and can be also used to evaluate water quality trends [2] .
Water quality of any specific area or specific source can be assessed by using physical, chemical and biological parameters. The values of these parameters are harmful for human health if they occurre more than defined limits.
Different WQI have been developed worldwide which are greatly differing in terms of mathematical structures, the numbers and types of variables included, etc.
Currently, hydrological practice actively uses several dozen [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . It must be noted that most developing complex characteristics of water object in any methodology is connected with the existing maximum permissible concentration (MPC) [1, 15, 16] .
WQI was first developed by Horton (Horton, 1965) [3] in the United States, selecting the 10 most frequently used water quality variables, such as dissolved oxygen (DO), pH, coliform, conductivity, alkalinity, and chloride, etc., and widely used and accepted in European, African and Asian countries. Horton placed grading scales and weights for determining factors to give the relative importance of each parameter in water quality. Furthermore, a new WQI similar to Horton's index has also been developed by the group of Brown in 1970 [4] , which was based on weights of individual parameters. Recently, many modifications have been considered for WQI concept through various scientists and experts. Canadian Council of Ministers of the Environment has developed WQI -Canadian Water Quality Index (CWQI), which can be applied by numerous water agencies in various countries with slight modification [5] . In 1995, the Canadian Ministry of the Environment developed the British Columbia Water Quality Index [6] . The Oregon Water Quality Index takes into account eight water quality variables (temperature, DO, pH, BOD, total phosphorus, total solids, fecal E. coli, ammonia, and nitrate nitrogen). For selection of variables, the Delphi method was used [7] . Malaysia Water Quality Index developed by the Department of the Environment of Malaysia and successfully applied evaluation water quality of 462 rivers in Malaysia. The calculation has included six water parameters: DO, BOD, COD, ammonia nitrogen, suspended solids and pH [7] . The Bascarn Water Quality Index was developed by Bascarón (1979) specifically for Spain [8] . In 1976, the Scottish Engineering Department improved and developed the Scottish Water Quality Index [9] . An effective gradation index for diagnosing a generalized river quality has been developed and illustrated for study of the Keya River in Taiwan [10] . The Universal Water Quality Index for Turkey was developed by Boyacioglu [11] based on water quality standards set by the Council of European Communities. Sargaonkar and Deshpande [12] developed Overall Index of Pollution for Indian rivers based on measurements and subsequent classification of pH, turbidity, dissolved oxygen, BOD, hardness, total dissolved solids, total coliforms, arsenic, and fluoride.
As a result of anthropogenic pollution of the aquatic environment, the entropy of the system changes, which is not always taken into account in hydrochemical studies. For assessing the quality of surface water and environmental pollution, we recently propose the entropy Geo-Ecological Evolving Organized Index (GEVORG) (G) and the Armenian Water Quality Index (AWQI) [17] [18] [19] The purpose of this article is to assess the water quality of the reservoirs of Lake Arpi, Lake Yerevan, Akhurian, Azat, Aparan and Kechut by using the Armenian Water Quality Index.
Materials and Methods

Study area
About 74 reservoirs with total volume of 988 million m³ are concentrated today in Armenia [20, 21] . The largest reservoir in the territory of Armenia is Akhuryan Reservoir with a volume of 525 million m³. The volume and spilway height of reservoirs are shown in Table 1 . Akhuryan Reservoir is a reservoir on the Akhuryan River between Armenia and Turkey. The reservoir has a surface area of 54 km², max long 20 km. It is one of the largest reservoirs in the Caucasus. Coordinates 40 o 33'47.67''N 43 o 39'16.26''E. Lake Arpi is situated in the north-west of the Republic of Armenia. The lake is fed by meltwater and four streams, and it is the source of the Akhuryan River. Being alpine specific ecosystem with its rare flora and fauna it ensures ecological balance of adjacent extensive area. The reservoir-lake spans 7.3km long and 4. 
Indexes determination procedure
Canadian council of ministers of the environment water quality index (CWQI)
CWQI provides a consistent method, which have been formulated by Canadian jurisdictions for conveying water quality information for both management and public [5] . Moreover, a committee established under the Canadian Council of Ministers of the Environment WQI, which can be applied by numerous water agencies in various countries with slight modification. This method has been developed to evaluate surface water for protection of aquatic life in accordance to specific guidelines. The parameters related with various measurements may vary from one station to the other and sampling protocol requires at least four parameters, sampled at least four times. The calculation of index scores in CWQI method can be obtained by using the following relation: Therefore, five categories have been suggested for classification the water qualities which are summarized in Table 2 . WCI was established by the USSR Goskomgidromet (State Committee of Hydrometeorology) [13] and belongs to the category of indicators most often used to assess the quality of water bodies. This index is a typical additive coefficient and represents the average percentage of exceeding the MPC for a strictly limited number of individual ingredients:
where: Ci is the concentration of the component (in some cases -the value of the physicochemical parameter); n -the number of indicators used for calculateion the index, n =6 (pH, biological oxygen demand of BOD5 dissolved oxygen in water, petroleum products, nitrite ions (NO2 -), and ammonium ion (NH 4 + )). Seven categories have been proposed for the classification of water quality, which are listed in Table  3 . In accordance with RD 52.24.643-2002, 'The method for the integrated assessment of the degree of contamination of surface waters by hydrochemical indicators' the calculation of the specific combinatorial water quality index has been introduced [14] . To assess the quality of water in rivers and water bodies, it is divided into several classes contamination. The classes are based on the intervals of the specific combinatory water pollution index, depending on the number of critical pollution indicators. At least 15 indicators are analyzed. Required list includes: dissolved oxygen in water, BOD5, chemical oxygen consumption -COD, phenols, petroleum products, nitrite ions (NO2 -), nitrate ions (NO3 -) ammonium ion (NH4 + ), iron total (Fe 2+ and Fe 3+ ), copper (Cu 2+ ) , zinc (Zn 2+ ), nickel (Ni 2+ ), manganese (Mn 2+ ), chlorides and sulphates. The value of SСWQI is determined by the frequency and the multiplicity of the MPC exceeding by several indicators and can vary in waters of different degree of contamination from 1 to 16 (for pure water is 0). The highest index value corresponds to the worst water quality. Taking into account the number of bullpen, it is allows to divide the surface waters into 5 classes, depending on the degree of their contamination. The 3rd and 4th classes for a more detailed water quality assessment are divided into 2 and 4 categories, respectively. The classification of water quality is given in Table 4 . An open system can exchange energy, material and, which is not less important, information with environment. The system consumes information from the environment and provides information to environment for acting and interacting with environment. Shannon [22, 23] was the first who related concepts of entropy and information. He has suggested that entropy is the amount of information attributable to one basic message source, generating statistically independent reports. Get any amount of information entropy is equal to the lost. Information entropy for independent random event x with N possible states is calculated by the following equation:
where Pi is the probability of frequency of occurrence of an event.
Different processes in hydroecological systems can occur both with increasing and decreasing of entropy. Pollution of water systems can be represented as a system of the hydro-chemical parameters (elements), the concentration of which exceeds the MPC. Then, in the equation Shannon Pi-probability of the number of cases of MPC excess of i-substance or water indicator of total cases of MPC -N, Pi = ni /N. For determineation the values of the GEVORG index and Armenian index of environmental quality, the following computational algorithm is used [17] [18] [19] :
1. To determine the number of cases of MPC excess of i-substance or indicator of water -n. Therefore, five categories have been suggested for classification the water qualities which are summarised in Table 5 . Table 5 . Classes of water quality depending on the value of GEWORG and AWQI GEVORG value AWQI value Rating of water quality Water quality classes ˂ 0.7 ˂1.1 excellent water quality 1 0.7-1.0 1,1-1,4 good water quality 2 1.0 -1.4
1.4-1.8 fair water quality 3 1.4-1.7
1.8-2.1 marginal water quality 4 ˃1.7 ˃ 2.1 poor water quality 5
3.Results and discussion
3.1.Reservoirs Lake Arpi, Akhuryan and Lake Yerevan
It was established in the waters of rezervoirs Lake Arpi, Lake Yerevan and Akhuryan MPC of nitrite ions, ammonium ion, copper, vanadium, aluminum, chrom, manganese and iron was regularly increased [24] . Table 6 . and aluminum was increased regularly [24] . Calculations and values of the GEVORG and AWQI indexes for above mentioned reservoirs are given in Table 7 . The quality of waters of reservoirs Lake Arpi, Lake Yerevan, Akhuryan, Azat, Aparan and Kechut comprehensively was also evaluated by other indexes: WCI, CWQI, SCWQI. Values of the WQI indexes are given in Table 8 . According to WQI values, the water quality in the reservoirs Aparan, Azat and Kechutis good and varieties between the 1st excellent class and the 2nd, good grade. The water quality of the reservoirs Akhuryan, Lake Arpi and Lake Yerevan, on the contrary, is poor and varieties between 3rd 2nd poor classes, and restricts the use of water for irrigation purposes. Poor water quality of the Lake Arpi reservoir is associated with an increase in the amount of metals. Reduced water quality of the Akhuryan reservoir and Lake Yerevan is associated with pollution of municipal wastewaters in the river basin, respectively, in Gyumri and Yerevan. As a result of pollution by domestic wastewaters, the content of nitrite and ammonium nitrogen, BOD5 in increases river water and it has an oxygen deficiency.
With Thus, a correlation between AWQI and other WQI was established. Analysis of obtained data indicates that AWQI has liner dependence on WCI, SCWQI, GEVORG and an inverse dependence on CWQI. This results based on the fact that the scale of the Canadian index of quality of water begins from 100, and scales of indexes of impurity of water, an GEVORG, WQI and SCWQI start from scratch.
Conclusions
For the first time, the water quality in the reservoirs of Lakes Arpi, Yerevan, Akhuryan, Azat, Aparan and Kechuta was evaluated using the Armenian water quality index.
The water quality in the reservoirs Akhuryan, Lake Arpi and Lake Yerevan is poor, which is explained by the regular increasing of MPC of nitrite ions, ammonium ions, copper, vanadium, aluminum, chromium, manganese and iron.
It have been found that the Armenian water quality index is linearly dependent on the Water contamination index, the Specific combinatorial water quality index, the Geo-ecological evolving organized index, and has inverse relationship to the Сanadian water quality index.
